ABSTRACT Overwintering of Trichogramma (Trichogrammanza) funiculatum Carver was studied under seminatural temperate conditions by considering development time within eggs of the light brown apple moth, Epiphyas postvittana, and survival of adult wasps. Maximum and minimum mean development times were 84 and 63.6 d, respectively, for egg masses parasitized in early winter, and 72.6 and 51.5 d, respectively, for eggs parasitized mid-winter. Adults survived a maximum of 20 d in early winter and 22 d mid-winter. Maternal age did not inßuence either the development time or longevity of progeny. The lower temperature threshold at which T. funiculatum parasitized host eggs was between 8ЊC and 9ЊC. The relationship between temperature and development time in the laboratory was successfully used to predict the emergence of T. funiculatum at low temperatures and under the seminatural conditions. This implies that there is no diapause in T. funiculatum. Instead this species overwinters via a combination of slow development, or quiescence, coupled with increased adult longevity. This information should be useful in enhancing populations of this parasitoid in spring when T. funiculatum can suppress light brown apple moth and other pests.
EGG PARASITOIDS GENERALLY OVERWINTER as immature stages within their host egg. Consequently, unlike many overwintering insects, they are unable to directly choose a suitable and protected overwintering location, and rely instead on physiological changes to successfully survive unfavorable conditions and environmental extremes (Boivin 1994) . These changes may involve entering a state of dormancy, a seasonally recurring period of suppressed development that involves diapause and/or quiescence (Tauber et al. 1984 , Tauber et al. 1986 . Diapause is considered a neurohormonally mediated state of low metabolic activity (Tauber et al. 1983) . It occurs at a genetically determined, species-speciÞc, point in an insectÕs life cycle in response to environmental factors, mainly photoperiod and/or temperature shifts that predict unfavorable conditions (Boivin 1994 , Denlinger 1972 , Norris 1994 , Numata 1993 , Tauber et al. 1986 ). In contrast, quiescence is a state of suppressed metabolism in response to immediate unfavorable environmental conditions (Lees 1955 , Norris 1994 , Tauber et al. 1986 . Quiescence is sometimes referred to as hibernation Burbutis 1977, Parker and Pinnell 1971) or slowed temperature dependent development (Keller 1986) . Unlike insects in diapause, those in a quiescent state immediately resume normal development upon the return of favorable environmental conditions (Mansingh 1971 , Norris 1994 , Tauber et al. 1986 .
Most studies on overwintering in egg parasitoids have focused on the genus Trichogramma (Hymenoptera: Trichogrammatidae). These egg parasitoids enter a state of dormancy under winter conditions during development within the host egg. The main factor inducing dormancy is thought to be temperature (Boivin 1994 , Zaslavski and Umarova 1990 , Bonnemaison 1972 , Laing and Corrigan 1995 , Pintureau and Daumal 1995 , Sorokina and Maslennikova 1988 . Whether diapause or quiescence is involved is usually unclear and has mostly been deduced from the pattern of emergence (Parker and Pinnell 1971 , Lopez and Morrison 1980 , Keller 1986 ), percentage emergence (Laing and Corrigan 1995) , or the time taken to complete development (Curl and Burbutis 1977) . However, unless there is detailed information on the development time of a species at different temperatures, it is difÞcult to attribute an extended developmental period or altered emergence pattern to a diapause state.
Here we consider the overwintering behavior of Trichogramma (Trichogrammanza) funiculatum Carver under seminatural conditions. T. funiculatum is endemic to southeastern Australia where it naturally parasitizes the egg masses of the light brown apple moth, Epiphyas postvittana Walker (Lepidoptera: Tor-tricidae), in vineyards surrounding Melbourne . It is also an important parasitoid of pest Helicoverpa spp. moths in temperate Australia. However, its effectiveness in controlling outbreaks of these pests is curtailed when there are few wasps present in the spring period.
We ask a number of questions relating to the overwintering behavior of T. funiculatum. Firstly, how does T. funiculatum overwinter in temperate conditions? We consider both adult survival and development of immature stages in parasitized eggs when T. funiculatum is held in outdoor cages. Secondly, what is the relationship between development and temperature in this species? We apply a commonly used method (Campbell et al. 1974 ) to a laboratory data set to determine the minimum developmental temperature threshold, coupled with the rate of development, to describe the relationship between temperature and development. Thirdly, how successful is this relationship at predicting the emergence of T. funiculatum in the Þeld? Predictions are used to determine anticipated development time in the Þeld and thereby test whether diapause occurs in T. funiculatum. Finally, are there carry-over effects associated with maternal age that could potentially impact T. funiculatum development? There is evidence that in some insects offspring quality can be inßuenced by maternal age (Mousseau and Dingle 1991, Hercus and , and this could impact the ability of wasp populations to build up after winter if they overwinter as adults
Materials and Methods
Light brown apple moth (E. postvittana) is a natural host of T. funiculatum in vineyards surrounding Melbourne, natural parasitism is Ͼ90% and wasps readily accept E. postvittana egg masses. To date alternate host species are unknown. There are three main development periods for E. postvittana per year: January through April (summer to autumn), May through September (autumn to winter), and October through December (spring) (Danthanarayana 1975) . However, a low number of E. postvittana at all developmental stages may persist throughout the year (Danthanarayana 1975 , Buchanan 1977 . Adult moths emerging in autumn lay eggs for the overwintering generation, and egg masses from this generation are a likely overwintering host for T. funiculatum.
Cultures. Wasps were obtained from a strain of T. funiculatum originally collected from E. postvittana eggs in 1997 from Yarra Glen, Victoria, Australia. This strain has since been maintained in the laboratory on E. postvittana eggs at 25ЊC with a photoperiod of 16:8 (L:D) and 60% RH, consequently the possibility of laboratory adaptation cannot be excluded with certainty. The population has always been maintained above 400 individuals. Host eggs were obtained from an E. postvittana colony reared at La Trobe University as detailed in Thomson et al. (2000) . This colony originated from egg masses also collected from the Yarra Glen area.
Overview of Experiments.
Initial experiments involving T. funiculatum were designed to investigate both the development of immature stages and adult longevity under winter conditions. Parameters assessed included developmental time, adult mortality and hourly temperature. This was done in both early and mid-winter. The data were later used to assess predictions designed to determine development time and to test the mode of overwintering, whether diapause or quiescence. To develop a prediction of development time under winter conditions, the minimum developmental threshold was established. This was achieved both by assessing wasp development at a low temperature (10ЊC), thought to be close to the minimum threshold, and also by extrapolating the regression of development rate on temperature. These experiments were extended to include the minimum parasitism threshold for adult T. funiculatum. Because of the nature of the outdoor experiments (see below) the effect of maternal age on development time and adult longevity under winter conditions was investigated. This was done by assessing the progeny of wasps originating from females of different age classes under simulated winter conditions. With the above information it was possible to predict development. Initially the degree-hours required to complete development were calculated for T. funiculatum and then compared with the predicted value determined from the regression of 1/degree-hours on temperature. As an alternative approach we described the empirical relationship between development and temperature. This relationship was also applied to predict the outdoorsdevelopmental time for both the early and mid-winter outdoors experiments.
Early Winter Development and Adult Longevity. We initiated experiments with parasitized eggs at the end of May, the start of the overwintering generation of E. postvittana.
To generate wasps that had been partially exposed to Þeld conditions before winter, freshly laid E. postvittana egg masses were parasitized by T. funiculatum for 24 h at 25ЊC under constant light. Egg masses were held under these conditions until the sixth day of development, the pupal stage (Pak and Oatman 1982) . The parasitized egg masses were randomly divided into Þve replicates and placed outdoors on 13 May 2001 in a shade-house at La Trobe University. Each replicate consisted of 10 parasitized egg masses held in a 285-ml plastic cylindrical container, the lid of which had a 3.5-cm diameter hole covered with a Þne cloth. Replicates were monitored daily for wasp emergence. The progeny of these individuals were used in the outdoor experiments to address any maternal inßu-ence on overwintering. When adults emerged on 29 May 2001, 10 fresh E. postvittana egg masses (containing between 20 Ð70 eggs each) were placed in each replicate container for 48 h before being removed and replaced by a subsequent lot of 10 egg masses. Each 48-h period is referred to as a parasitism period. This continued for 22 d (i.e., 11 groups of egg massesÑ parasitism periods) until no live wasps remained. A 50% honey/water solution was provided as a food source for the adults and was smeared on the lid of each replicate container at 6-d intervals.
For every parasitism period, Þve egg masses per replicate were individually placed in gelatin capsules (size 000) (Australian Entomological Supplies Pty. Ltd., Coorabell, NSW, Australia) and placed at 25ЊC under constant light to assess parasitism by counting the number of black eggs after 6 d of development. The remaining Þve were placed in individual 0.5-ml microcentrifuge tubes (ScientiÞc Specialties Incorporated, Randallstown, MD) and maintained outdoors in the shade-house. These outdoor egg masses were monitored daily for adult emergence. When the Þrst adults emerged (28 July 2001), egg masses were transferred daily at noon to new 0.5-ml microcentrifuge tubes. The old tubes containing emerged wasps were frozen at Ϫ20ЊC. The number of wasps per tube (i.e., number of wasps emerging per day per egg mass) was used to estimate the average emergence time per egg mass. Temperature was logged hourly for the duration of the study using a Tinytalk II (Gemini Dataloggers, Chichester, U.K.) temperature logger.
Adult longevity under winter conditions also was investigated. E. postvittana egg masses were parasitized and placed outdoors as described above. Upon emergence (29 May 2001), 100 female wasps (24-hold) were individually placed in gelatin capsules (size 000) and kept in the shade-house. A drop of 50% honey/water solution was provided as a food source. Mortality was scored at 48-h intervals. The honey/ water solution was replaced every sixth day.
Mid-Winter Development and Adult Longevity. To assess development in mid-winter, the experiment was repeated with parasitized egg masses placed outdoors in the shade-house on 21 June 2001, after 6 d of development at 25ЊC under constant light. Adults emerged on 14 July 2001, 24 d later. Host eggs were continually provided to emerging adults until 4 August 2001, resulting in a total of 11 periods of parasitism spanning 22 d. The outdoor longevity experiment was also repeated at this stage.
Parasitism and Developmental Thresholds. The persistence of low numbers of E. postvittana adults and larvae throughout the winter period suggests that host eggs are likely to be available for winter-emerging wasps. This raises the issue of whether the wasps can parasitize fresh E. postvittana despite low temperatures. To determine the low temperature threshold for parasitism, T. funiculatum were initially left to parasitize E. postvittana egg masses for 24 h at 25ЊC under constant light. These egg masses were randomly divided into Þve replicates of 10 egg masses each. The replicates were held under 25ЊC constant light until emergence. Wasps were given 24 h to emerge before being held at different temperatures (8ЊC, 9ЊC, 10ЊC). Ten fresh egg masses were placed in each replicate after 1 h and removed and cleared of wasps after 6 d. After removal, the egg masses were stored at 25ЊC under constant light, and percentage parasitism was scored on day 6 by counting black eggs.
To determine the potential of wasps to develop over winter, the minimum developmental threshold temperature must be established. Previous studies indicate that development ceases at Ϸ10ЊC for T. nubilale Ertle and Davis (Curl and Burbutis 1977) and T. pretiosum Riley (Grille and Basso 1994 ). In the current study, the minimal developmental threshold temperature for T. funiculatum was estimated from the data of . The rate of development (1/ development time) at 14, 18, 22, and 25ЊC was regressed against temperature. The resultant regression line was extrapolated to zero (x intercept) to give the minimum developmental threshold value (Campbell et al. 1974 ). This method of extrapolating from the developmental rates of the intermediate temperature range, where there is an approximate linear relationship between development rate and temperature, is commonly used (see for instance Wang and Smith 1996 , Hansen 2000 , Kim et al. 2000 .
Finally, development at 10ЊC (rather than parasitism ability) was also tested. T. funiculatum were allowed to parasitize randomly selected E. postvittana egg masses for 1 h at 25ЊC under constant light. After parasitism, egg masses were placed in individual gelatin capsules (size 000) and transferred to 10ЊC (18 egg masses) or 19ЊC (7 egg masses) under constant light. Percentage parasitism and the number of emerged wasps were recorded per egg mass.
Maternal Age Effects. To test the effect of maternal age on development time under winter conditions, E. postvittana egg masses were Þrst parasitized for 1 h at 25ЊC under constant light. On day 6, parasitized egg masses were randomly divided into Þve groups (group A to E) of three replicates. Each replicate consisted of 10 parasitized egg masses held in 50-ml plastic containers. These were placed in a controlled temperature cabinet that was set to cycle at average Melbourne winter temperatures (obtained from the Australian Bureau of Meteorology, Melbourne, Australia) with a light cycle of 10:14 (L:D). The temperature ranged from a minimum of 8.1ЊC at 0300 hours to a maximum of 16.9ЊC at 1200 hours. A temperature spike of 19ЊC was incorporated on every seventh day. Replicates were monitored daily for adult emergence. When emergence started, egg cards were transferred to 50-ml containers for 24 h to collect adults of the same age. To produce offspring from females with a range of ages, groups were given 10 fresh E. postvittana egg masses per replicate; group A was provided with egg masses on day 0, group B on day 5, and so on to group E provided with eggs on day 20. Egg masses were removed after they had been left with wasps for 5 d and placed individually in gelatin capsules (size 000). These capsules were held at 25ЊC and scored for adult emergence (per egg mass per day) as described above for outdoor development to determine if female age inßuenced development time.
To investigate the effect of maternal age on longevity under winter conditions, one parasitized egg mass from each replicate (i.e., three per group) was set aside to collect emerging wasps over a 24 h period. These wasps were individually placed in gelatin capsules (size 000) with 50% honey/water solution and held under winter conditions in the controlled tem-perature cabinet. Mortality of 7Ð30 wasps was scored daily and fresh honey solution was provided at 6-d intervals.
Predictions of Development and Statistical Analyses. Degree-day (or degree-hour) models are commonly used as the basis for insect development models (e.g., Judd and Gardiner 1997 , Godin and Boivin 1998 , Ro et al. 1998 , Umble and Fisher 2000 , Kim et al. 2001 . The value of such models lies in their ability to successfully predict the timing of an insectÕs life cycle.
Degree-hours were computed as a basis for predicting outdoor emergence for T. funiculatum. The data of were used to determine the theoretical sum of degree-hours required by T. funiculatum to complete development. This was computed as the reciprocal of the slope of the regression of the rate of degree-hours on temperature, using the linear component of the development rate-temperature curve (Campbell et al. 1974) , which included temperatures from 14 to 25ЊC. Hourly temperature data (until noon on the day of emergence) from the data logger (T hour ) and the developmental threshold (t) were used to calculate the sum of accumulated degree-hours (dh) as dh ϭ T hour Ϫ t for each parasitized egg mass under both early and mid-winter conditions.
We analyzed also the empirical relationship between development and temperature. This relationship was obtained with the data in , but allowing for a nonlinear component and including temperature data ranging from 11 to 25ЊC. The quadratic function that best explained the data were Þtted using SPSS for Windows ver. 10.0. Quadratic functions are thought to be more appropriate when describing the association between development and temperature than linear functions, which tend to underestimate the amount of development at low temperatures (Howe 1967) .
The resultant equation and the minimum developmental threshold value were applied to hourly temperature data (until noon on the day of emergence) to estimate the time to adult emergence of each parasitized egg mass reared outdoors in the different parasitism periods. To allow comparisons across different periods, the level of development of each egg mass was computed. Each egg mass is expected to reach 100% development at the time of adult emergence. If an egg mass emerged after the predicted time (say 20.1 d instead of 20 d) the percent emergence was estimated as Ͼ100% (100.5% in this case). If it emerged earlier (say 19 d) it was assigned a value Ͻ100% (95% in this case). Wasp larvae should reach a similar level of development before emerging regardless of the date parasitized, allowing comparisons of predicted development across periods. The percentage development at the time of emergence was also compared across replicates (i.e., replicate containers) within periods. These comparisons were made with an analysis of variance (ANOVA). Because the data were skewed, the signiÞcance of the F ratio was determined via permutation analysis (Good 1994 ) using the PopTools add-in for Excel, as well as parametrically. In all cases the permutation analyses generated probabilities similar to the parametric F ratios, and only the former are presented. To determine if predicted emergence percentages matched the expected percentage (i.e., 100%), 95% conÞdence intervals were computed based on data from the egg masses.
For the maternal age experiment, one-way ANOVA was used to compare the effects of different ages on adult longevity and development time. For development time, signiÞcance of F ratios from the ANOVA was determined via permutation analysis because data were skewed, although probabilities were similar to those obtained parametrically.
Results
Early winter development and adult longevity. T. funiculatum successfully parasitized E. postvittana egg masses under early winter conditions. The highest recorded mean parasitism was 85.56 Ϯ 5.4% for the fourth parasitism period (Fig. 1a) In the longevity study initiated on 29 May, the last adult died 20 d later. Mean longevity was 11.95 Ϯ 0.43 d (n ϭ 80). During this period, the hourly temperature averaged 11.41 Ϯ 0.16ЊC, with a maximum of 20.4ЊC and a minimum of 2.6ЊC.
Mid-Winter Development and Adult Longevity. Mean parasitism was highest for the Þrst parasitism period (83.66 Ϯ 10.39%) (Fig. 1b) .
Wasps Parasitism and Developmental Thresholds. The minimum threshold temperature at which no parasitism occurred fell between 8ЊC and 9ЊC, as there was no parasitism at 8ЊC and parasitism was recorded in only two egg masses within one replicate at 9ЊC. At 9ЊC, mean parasitism was only 1.94% when averaged across all Þve replicates.
T. funiculatum successfully parasitized eggs and developed at 10ЊC. Wasps emerged successfully from 38.89% of the egg masses, but for these egg masses emergence only ranged between 2.78% and 12.5%. This contrasts with development at 19ЊC where wasps successfully emerged from 100% of the egg masses and emergence ranged between 42% and 100%.
The regression of development rate on temperature yielded a linear equation (y ϭ 0.006336x Ϫ 0.0576) that was signiÞcant (F ϭ 1,439.86; df ϭ 1, 2; P ϭ 0.001; R 2 ϭ 0.999). When extrapolated to zero, the minimum developmental threshold was estimated as 9.09ЊC (Fig. 2 ). This minimum threshold is consistent with the sharp reduction in emergence at 10ЊC.
Maternal Age Effects. There was no signiÞcant difference in development time between the age classes represented by groups A to E (F ϭ 2.10; df ϭ 4, 10; P ϭ 0.77 by permutation) although there was variation associated with replicates within groups (F ϭ 6.42; df ϭ 10, 904; P Ͻ 0.0005 by permutation). The average development time across all groups was 50.81 Ϯ 0.07 d. Thus, when females were aged up to 25 d under winter conditions, there was no effect on the time taken for the progeny to develop.
One-way ANOVA showed no signiÞcant difference in adult female longevity between the different age classes (F ϭ 1.82; df ϭ 4, 86; P ϭ 0.133). The average longevity across all Þve groups was 7.79 Ϯ 0.40 d.
Predictions of Development
Degree-Hours. The regression of the rate of degreehours on temperature yielded a signiÞcant (F ϭ 1,439.86; df ϭ 1, 2; P ϭ 0.0007; R 2 ϭ 0.999) linear relationship (y ϭ 0.000264x Ϫ 0.002399) (Fig. 3a) . The reciprocal of the slope of the regression line that provides an estimate of the predicted degree hours for development was 3,787.88. This predicted value is constant across all parasitism periods for both early and 2 . The effect of temperature on development rate as computed from T. funiculatum data in . The linear regression of development rate on temperature has been extrapolated to zero to give the minimum developmental threshold. mid-winter. In comparison, for eggs parasitized in early and mid-winter, the mean accumulated degreehours was only 3,163.45 Ϯ 13.07 and 3,214.12 Ϯ 19.58, respectively. Only parasitism periods one to seven were included in these averages because of very low wasp numbers in other parasitism periods.
The accumulated degree-hours computed for both early and mid-winter were consistently lower than the theoretical value (Table 1) , suggesting an underestimation of degree-hours under winter conditions. We also computed mean degree-hours for individual parasitism periods and 95% conÞdence intervals based on these values, and found that the theoretical expectation fell outside these intervals in all cases (Table 1) . This approach was therefore not pursued further.
Prediction from Empirical Relationship. There was a signiÞcant (F ϭ 319.56; df ϭ 2; P ϭ 0.003; R 2 ϭ 0.997) nonlinear relationship (y ϭ 0.0003x 2 ϩ 0.0123x Ϫ 0.1002) between hourly development and temperature (Fig. 3b) . This equation was used to determine the level of development reached for each egg mass as outlined in the methods.
For eggs parasitized in early winter, there was no signiÞcant difference among parasitism periods for the levels of development reached (F ϭ 1.303; df ϭ 6, 27; P ϭ 0.289). The difference among replicates also was not signiÞcant (F ϭ 1.022; df ϭ 27, 88; P ϭ 0.451). Note that only parasitism periods one to seven were included in the analysis because of very low wasp numbers in other periods. Overall, the mean level of development achieved was 99.44 Ϯ 0.38% of the expected development.
There was a signiÞcant difference among parasitism periods (F ϭ 3.280; df ϭ 6, 28; P ϭ 0.014) in the level of development reached when eggs were parasitized in mid-winter. However, when the Þrst parasitism 3,207.38 3,119.31 3,295.45 5 (193Ð240 h) 3,188.79 3,099.35 3,278.24 6 (241Ð288 h) 3,196.91 3,124.72 3,269.11 7 (289Ð336 h) 3,369.54 3,252.99 3,486.09 The predicted degree-hours required to complete development is 3,787.88: the reciprocal of the slope of the regression of the rate of degree-hours on temperature. This predicted value consistently falls outside the 95% conÞdence intervals.
period was removed from the analysis this difference was no longer evident (F ϭ 1.136; df ϭ 5, 24; P ϭ 0.369). The effect of replicate was not signiÞcant (F ϭ 1.497; df ϭ 24, 82; P ϭ 0.093). As for early winter, only periods one to seven were included in the analysis because of very low wasp numbers in other periods. The mean level of development achieved, including and excluding the Þrst period, was 96.69 Ϯ 0.71% and 95.59 Ϯ 0.69%, respectively.
To examine whether observed emergence times matched predicted times, 95% conÞdence intervals were computed based on replicate container means. In both the early winter and mid-winter data sets, the means fell within the 95% conÞdence intervals ( Table  2 ). The empirical nonlinear relationship between temperature and development was therefore successfully used to predict emergence.
Discussion
The time taken for T. funiculatum to complete development in both the early and mid-winter experiments indicates that this insect is capable of prolonged development within its host egg during cool conditions. This is concordant with past research which indicates that the pupal/larval stage within the host egg is the main overwintering stage of Trichogramma (Parker and Pinnell 1971 , Burbutis et al. 1976 , Lopez and Morrison 1980 , Keller 1986 ). Only two generations of T. funiculatum are required before the summer ßight of E. postvittana. However, winter development is too fast to coincide with the main egg-laying periods of E. postvittana, and waspÕs parasitising autumn eggs must Þnd new hosts mid-winter to persist.
One potential host is the low persistent population of E. postvittana: although past research indicates that three ßights of E. postvittana moths occur per year, larvae and egg masses have been found in low numbers throughout the winter (Danthanarayana 1975 (Danthanarayana , 1976 . The data presented here indicate that T. funiculatum can successfully parasitize some E. postvittana egg masses under winter conditions. The parasitism minimum temperature threshold was between 8ЊC and 9ЊC, which is similar to the activity threshold of T. exiguum close to 9ЊC (Keller 1986 ). This suggests that wasps are not dependent on mild periods during winter for parasitising host eggs. Moreover, the data indicate adults can persist in the Þeld for a long time if a food source is available, possibilities include some Umbelliferae and winter ßowering acacias. Increased adult longevity has been implicated as a component of egg parasitoid overwintering (Keller 1986) , and the outdoor experiments show that, under winter conditions, female wasps can persist for around 20 d. Moreover, the female age experiment indicates that females up to at least 25 d old can successfully oviposit under winter conditions.
The winter development data suggest quiescence rather than diapause as the mode of overwintering for T. funiculatum. Quiescence involves an immediate response to environmental change (Norris 1994 , Tauber et al. 1986 , and during this time insects are thought to cease or resume development in direct response to unfavorable or favorable conditions. The empirical relationship between temperature and development rate accurately predicted the emergence of T. funiculatum, indicating that the rate of development in this species is directly related to temperature, thus implicating quiescence, not diapause.
Although there is substantial evidence that crossgeneration effects in insects can occur when offspring are derived from older mothers (Mousseau and Dingle 1991, Hercus and , this does not seem to be the case in T. funiculatum. Progeny development time and longevity were unaffected by maternal age suggesting that offspring from older mothers are just as Þt as those from younger mothers. The immature stages of egg parasitoids depend on the host egg for development, whereas maternal age effects may be more likely to inßuence offspring quality when egg provisions provided by females are needed for early development. For this reason, it would be worthwhile examining the Þtness of wasps developing in eggs deposited by older E. postvittana moths.
The ability to predict emergence of overwintering wasp populations should enable better timing of releases designed to enhance naturally occurring populations of T. funiculatum. It should be possible to develop management practices that promote the survival of overwintering individuals resulting in increased wasp numbers at the start of a growing season. For instance, various pesticides and fungicides are harmful to Trichogramma (Franz et al. 1980 , Consoli et al. 1998 , Hassan et al. 1994 , Thomson et al. 2000 , Brunner et al. 2001 , Takada et al. 2001 , and predictions about winter emergence could be used to ensure that applications of harmful chemicals do not coincide with emergence times.
In conclusion, T. funiculatum enters a state of quiescence or slowed development in response to cool Predicted values were calculated based on the empirical relationship between development rate and temperature, incorporating a minimum threshold value of 9.09ЊC. The predicted time to emergence consistently falls within the 95% conÞdence intervals.
conditions. There is also an extension to female longevity without any detrimental effect on progeny development time or longevity. Finally, the methodology used here for predicting emergence could be applied when distinguishing diapause and quiescence in other Trichogramma species.
